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(54) Sealed storage battery and modular system therefor 



(57) A modular system for accomodating batteries 
includes a top plate (21) and a bottom plate (22), which 
respectively have a large number of openings (28) for 
the air current and a plurality of beams (32) spanned 
and fixed on the inner surface thereof. The modular sys- 
tem further has left and right side plates (23 and 24), 
and supporting columns (25,26 and 27), which are 
arranged on the left side, the right side, and the rear 
side of the top plate (21) and the bottom plate (22). The 
modular system includes a plurality of single batteries 
(1), which are arranged side by side between the beams 
of the top plate (21) and the bottom plate (22) to locate 
covers of the batteries (1) with terminals on the front 
side of the top plate (21) and the bottom plate (22). The 
single battery (1) has a plurality of ribs (12) that are 
formed on a specific pair of opposite outer surfaces in 
such a manner as to extend in a longitudinal direction of 
the single battery (1), and have concaves formed at reg- 
ular intervals. 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] The present invention relates to a sealed stor- s 
age battery, especially a sealed storage battery that 
includes a large number of cells and is used as a high- 
voltage, large-capacity emergency power source, as 
well as to a modular-type battery system assembly for 
accommodating the sealed storage battery therein. w 
[0002] High-voltage, large-capacity storage batteries 
are used for the back-up power source of, for example, 
the telephone switchboard and the computer, and the 
power source for emergency lighting. With a view to 
simplifying the maintenance, the use of sealed lead- is 
acid storage batteries that take advantage of the oxygen 
cycle, in which gaseous oxygen evolved in the course of 
charging is absorbed by the negative electrode, has 
been increasing for such applications. A number of the 
large-capacity storage batteries, however, have a large 20 
total weight, which results in increasing the required 
parts of a battery system for accommodating the batter- 
ies therein, complicating its structure, and thereby rais- 
ing the manufacturing cost of the battery system. 
[0003] The battery evolves heat in use. In the case 2s 
where a plurality of batteries are used in the form of a 
battery assembly, the heat remains and hardly diffuses 
on the central portion. The battery located near the 
center is accordingly worked at a higher temperature 
than the batteries located outside. Namely there is a cfif- 30 
ference in working environmental temperature between 
the batteries located inside and outside. The tempera- 
ture difference results in a difference in properties 
between the batteries. Such difference is accumulated 
when the batteries are used over a long time period. 35 
This adversely affects the reliability of the power source 
system. The temperature difference is further increased 
when a plurality of the battery assemblies are laid one 
upon another to constitute a high-voltage battery sys- 
tem assembly. 40 
[0004] In order to dissipate the heat evolved in the bat- 
tery and eliminate the adverse effect of the temperature 
difference, one proposed structure has ribs extending in 
the longitudinal direction on the outer surface of the bat- 
tery container to define spaces between the battery 45 
container of the adjoining battery (for example, Japa- 
nese Laid-Open Utility Model Publication No. Hei 6- 
54192). When the plurality of batteries are arranged in 
the sidelong orientation, the spaces defined by the ribs 
of the adjoining batteries are made parallel to the outer so 
surfaces of the battery containers. In this case, the heat 
evolved in the battery assembly can not be dissipated 
upward by the air current. 

[0005] In one proposed modular system for accommo- 
dating batteries to solve the above problem, a plurality ss 
of batteries are laid on upon another in such a manner 
that terminals are located on the left and right sides of 
the modular system and each battery is inserted in a 



space defined by a top plate, supporting columns, and a 
bottom plate (Japanese Laid-Open Patent Publication 
No. Hei 6-89706). Since the batteries are laid on upon 
another, there is no empty space between the adjoining 
upper and lower batteries. This arrangement does not 
allow the heat evolved in use, especially in the course of 
charging, to be dissipated. When the batteries are used 
over a long time period, a significant difference tends to 
occur between the properties of the batteries included 
in the modular system. The power source system is 
generally charged with a constant voltage. A gradual 
increase in temperature of the battery accordingly low- 
ers the charging voltage of the battery. This may cause 
release of the heat that increases the charging current 
and thereby result in fatal failures. 

BRIEF SUMMARY OF THE INVENTION 

[0006] One object of the present invention is thus to 
provide a sealed storage battery having a structure that 
enables heat evolved in a battery assembly, where a 
plurality of single batteries may be arranged side by side 
either in an upright orientation or in an sidelong orienta- 
tion, to dissipate upward through the air current. 
[0007] Another object of the present invention is to 
provide a modular system for accommodating batteries, 
which has a simple structure that ensures dissipation of 
heat in connection with the shape of the batteries and 
improves the reliability of the batteries. 
[0008] Still another object of the present invention is 
to provide a large-size modular-type battery system 
assembly that include a plurality of the above modular 
systems. 

[0009] At least part of the above and the other related 
objects is attained by a sealed storage battery including: 
a stack of electrode plates, in which positive electrode 
plates and negative electrode plates are alternately laid 
one upon another via separators; a battery container 
that has an upper opening and receives the stack of 
electrode plates and an electrolyte therein; and a cover 
that has a positive electrode terminal, a negative elec- 
trode terminal, and a safety valve and seals the upper 
opening of the battery container, wherein the battery 
container has a plurality of first ribs that are formed on a 
specific pair of opposite outer surfaces of the battery 
container in such a manner as to extend in a longitudi- 
nal direction, be arranged via a predetermined first 
space, and have concaves formed at regular intervals. 
[001 0] The present invention is also directed to a first 
modular system for accommodating batteries The first 
modular system includes: a top plate and a bottom plate 
that respectively have a plurality of beams spanned and 
fixed over a longitudinal axis thereof; left and right side 
plates that respectively join left ends and right ends of 
the top plate and the bottom plate; a supporting column 
arranged at least on a rear side of the top plate and the 
bottom plate; and a plurality of single batteries arranged 
side by side between the top plate and the bottom plate 
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to locate covers of the batteries with terminals on a front 
side of the top plate and the bottom plat . Each of the 
single batteries has a plurality of ribs that are formed on 
a specific pair of opposite outer surfaces in such a man- 
ner as to extend in a longitudinal direction of the single 5 
battery, that is, from the front side to the rear side of the 
top plate and the bottom plate, and have concaves 
formed at regular intervals. The plurality of ribs formed 
on each outer surface of each single battery are in con- 
tact and joined with the plurality of ribs formed on a 70 
matching outer surface of an adjoining single battery. 
The joint surfaces of the adjacent single batteries form 
connection grooves that are defined by the concaves of 
the rfcs and extend perpendicularly to the top plate and 
the bottom plate. 1S 
[001 1 ] In the first modular system, it is preferable that 
both the top plate and the bottom plate have the beams 
fixed on an inner surface thereof and a large number of 
openings to ensure the air current. 
[001 2] It is also preferable that both the top plate and 20 
the bottom plate have a suspended piece that is 
obtained by bending the rear side of each plate inward 
to be in contact with the beam located on the rear side, 
and the suspended piece is brought into contact with a 
bottom of each single battery to position the battery in 25 
the longitudinal direction. 

[001 3] In accordance with another preferable applica- 
tion of the first modular system, both the top plate and 
the bottom plate have a projected end piece that is 
obtained by bending the front side of each plate inward, 30 
and the projected end pieces have apertures that 
receive fixtures therein to secure end portions of the 
adjoining batteries. 

[0014] In accordance with still another preferable 
application of the first modular system, both the left and 35 
right side plates have notches at positions correspond- 
ing to the beams and folded pieces on upper and lower 
positions thereof to be in contact with the top plate and 
the bottom plate, and the top plate and the bottom plate 
are joined with each other via supporting columns fitted 40 
in the notches. 

[0015] The present invention is further directed to a 
second modular system for accommodating batteries. 
The second modular system includes: a top plate and a 
bottom plate that respectively have a plurality of beams 45 
formed on outer surface thereof and spanned and fixed 
over a longitudinal axis thereof; left and right side plates 
that respectively join left ends and right ends of the top 
plate and the bottom plate; a supporting column 
arranged on a rear side of the top plate and the bottom so 
plate; and a plurality of single batteries arranged side by 
side between the top plate and the bottom plate to 
locate covers of the batteries with terminals on a front 
side of the top plate and the bottom plate. Each of the 
single batteries has a plurality of ribs that are formed on 55 
a specific pair of opposite outer surfaces in such a man- 
ner as to extend in a longitudinal direction of the sing] 
battery, that is, from the front side to the rear side of th 



top plate and the bottom plate, and have concaves 
formed at regular intervals. The plurality of ribs formed 
on each outer surface of each single battery are in con- 
tact and joined with the plurality of ribs formed on a 
matching outer surface of an adjoining single battery. 
The joint surfaces of the adjacent single batteries form 
connection grooves that are defined by the concaves of 
the ribs and extend perpendicularly to the top plate and 
the bottom plate. 

[0016] In the second modular system, it is preferable 
that both the left and right side plates have folded pieces 
that form upper, lower, front, and rear faces thereof and 
reinforcement pieces that are obtained by bending and 
welding ends of the folded pieces inward. 
[001 7] The present invention is also cfirected to a mod- 
ular-type battery system assembly, in which a plurality 
of the first modular systems or the second modular sys- 
tems are laid one upon another in a vertical direction, 
where at least the top plate, the bottom plate, the 
beams, the side plates, and the supporting columns are 
made of a metal, and the top plate and the bottom plate 
of the adjoining modular systems are joined together by 
nuts and bolts fitted in apertures formed on corners of 
the top plate and the bottom plata 
[001 8] While the novel features of the invention are set 
forth particularly in the appended claims, the invention, 
both as to organization and content will be better 
understood and appreciated, along with other objects 
and features thereof, from the following detailed 
description taken in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWING 

[0019] 

Fig. 1 is a perspective view illustrating a modular 
system for accommodating batteries in a first 
embodiment according to the present invention. 
Fig. 2 is a decomposed perspective view illustrating 
the modular system of Fig. 1 . 
Fig. 3 is a perspective view illustrating a battery 
assembly accommodated in the modular system of 
Fig. 1. 

Fig. 4 is a perspective view illustrating a bottom 
plate of the modular system of Fig. 1 . 
Fig. 5 is a right side view of the bottom plata 
Fig. 6 is a perspective view illustrating a side plate 
of the modular system of Fig. 1 . 
Fig. 7 is a front view illustrating a modular-type bat- 
tery system assembly obtained by laying the modu- 
lar systems of Fig. 1 one upon another. 
Fig. 8 is a perspective view illustrating a joint of the 
adjoining modular systems in the modular-type bat- 
tery system assembly of Fig. 7. 
Fig. 9 is a perspective view illustrating another mod- 
ular system for accommodating batteries in a sec- 
ond embodiment according to th present 
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invention. 

Fig. 10 is a decomposed perspective view illustrat- 
ing the modular system of Fig. 9. 
Fig. 1 1 is a perspective view illustrating still another 
modular system for accommodating batteries in a 
third embodiment according to the present inven- 
tion. 

Fig. 12 is a decomposed perspective view illustrat- 
ing the modular system of Fig. 1 1 . 
Fig. 13 is a front view illustrating a single battery 
accommodated in the modular system. 
Fig. 1 4 is a side view of the single battery. 
Fig. 15 is a sectional view illustrating ribs formed on 
each single battery. 

Fig. 16 is a front view illustrating an essential part of 
rib sets. 

DETAILED DESCRIPTION OF THE INVENTION 

[0020] The present invention provides a sealed stor- 
age battery including: a stack of electrode plates, in 
which positive electrode plates and negative electrode 
plates are alternately laid one upon another via separa- 
tors; a battery container that has an upper opening and 
receives the stack of electrode plates and an electrolyte 
therein; and a cover that has a positive electrode termi- 
nal, a negative electrode terminal, and a safety valve 
and seals the upper opening of the battery container, 
wherein the battery container has a plurality of first ribs 
that are formed on a specific pair of opposite outer sur- 
faces of the battery container in such a manner as to 
extend in a longrtudnal direction, be arranged via a pre- 
determined first space, and have concaves formed at 
regular intervals. 

[0021 ] When a plurality of these sealed storage batter- 
ies are joined together in such a manner that the covers 
of the batteries are located on the top and the outer sur- 
faces of the adjoining batteries with the ribs are in con- 
tact with each other, the ribs extending in the vertical 
direction on the outer surfaces of the battery containers 
define the perpendicular connection grooves between 
the adjoining batteries. The heat evolved in the battery 
is dissipated upward through the connection grooves by 
the air current When a plurality of the sealed storage 
batteries are arranged side by side in the sidelong ori- 
entation in such a manner that the outer surface of the 
adjoining batteries with the ribs are in contact with each 
other, the ribs of one battery are in contact and joined 
with the ribs of an adjoining battery. The plurality of ribs 
formed on each outer surface of each battery are in con- 
tact and joined with the plurality of ribs formed on a 
matching outer surface of an adjoining battery. The joint 
surfaces of the adjacent single batteries form the con- 
nection grooves that are defined by the concaves of the 
ribs and extend perpendicularly to the batteries in the 
sidelong ri ntation. The heat in the battery is dissi- 
pated through the connection grooves by the air current 
[0022] It is preferable that each of the plurality of first 



ribs has a width that is greater than a width of the prede- 
termined first space. This structur effectively prevents 
the ribs on one battery from being interposed between 
the ribs on th adjoining battery, when the ribs of the 
5 adjacent batteries are joined with each other. This facil- 
itates the arrangement of the plurality of batteries in the 
battery assembly. 

[0023] It is also preferable that a plurality of rib sets, 
each comprising a plurality of the first ribs, are formed 

10 on the specific outer surface of the battery container in 
such a manner as to be arranged via a predetermined 
second space. This arrangement enhances the strength 
of the battery container, as well as ensures the dissipa- 
tion of heat. In this case, it is preferable that the plurality 

is of rib sets are formed on the pair of outer wall surfaces 
that receive the pressure of the stack of the electrode 
plates, that is, on the pair of outer wall surfaces that are 
parallel to the electrode plates. Here each of the plural- 
ity of rib sets preferably has a width that is greater than 

20 a width of the predetermined second space. This struc- 
ture effectively prevents the rtos on one battery from 
being interposed between the ribs on the adjoining bat- 
tery, when the ribs of the adjacent batteries are joined 
with each other. 

25 [0024] tt is further preferable that a plurality of second 
ribs having a fixed height are further formed on another 
pair of outer wall surfaces of the battery container that 
are perpendicular to the electrode plates. 
[0025] The present invention also provides a modular 

30 system for accommodating batteries, which includes: a 
top plate and a bottom plate that respectively have a 
plurality of beams spanned and f ixed over a longitudinal 
axis thereof; left and right side plates that respectively 
join left ends and right ends of the top plate and the bet- 
as torn plate; a supporting column arranged at least on a 
rear side of the top plate and the bottom plate; and a 
plurality of single batteries arranged side by side 
between the top plate and the bottom plate to locate 
covers of the batteries with terminals on a front side of 

40 the top plate and the bottom plata Each of the single 
batteries has a plurality of ribs that are formed on a spe- 
cific pair of opposite outer surfaces in such a manner as 
to extend in a longitudinal direction of the single battery, 
that is, from the front side to the rear sid e of the top plate 

45 and the bottom plate, and have concaves formed at reg- 
ular intervals. The plurality of ribs formed on each outer 
surface of each single battery are in contact and joined 
with the plurality of ribs formed on a matching outer sur- 
face of an adjoining single battery. The joint surfaces of 

so the adjacent single batteries form connection grooves 
that are defined by the concaves of the ribs and extend 
perpendicularly to the top plate and the bottom plate. 
[0026] Since the connection grooves extending per- 
pendicularly to the top plate and the bottom plate are 

55 formed on the joint surface of the adjoining batteries, 
ther ar pathways of the air current in the connection 
grooves to dissipate the heat evolved in th battery. The 
beams spanned over the longitudinal axis of the top 
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plate and the bottom plate function to support th plural- 
ity of batteries arranged side by side. The presence of 
the beams causes empty spaces to be defined between 
the top plate and the bottom plate and the batteries in 
each modular system and between the adjoining modu- 
lar systems. The empty spaces effect the desirabl tem- 
perature balance between the adjoining batteries. 
[0027] In a power source system where a plurality of 
the modular systems are laid one upon another and a 
large number of batteries are assembled, the arrange- 
ment of the present invention effectively prevents a tem- 
perature difference among the batteries arranged at 
different positions. This ensures the high reliability of 
the resulting power source system. 
[0028] The modular system according to the present 
invention has a rigid structure that enables a plurality of 
modular systems to be laid one upon another simply by 
working of metal plates. 

[0029] The following describes a modular system 20 
for accommodating batteries according to the present 
invention as a preferred embodiment 
[0030] The structure of a single battery 1 is described 
by referring to Figs. 13 through 16. 
[0031] The single battery 1 includes a battery con- 
tainer 2, which has an upper opening and is composed 
of a synthetic resin, for example, polypropylene, and a 
cover 3 that is composed of the same synthetic resin 
and thermally welded to the upper opening. The battery 
container 2 receives therein an electrolyte and a stack 
of electrode plates, in which positive electrode plates 
and negative electrode plates are alternately laid one 
upon another via separators. The cover 3 has a higher 
projection element 5 formed on the center thereof and a 
narrow base element 4 surrounding the projection ele- 
ment 5. A positive electrode terminal 6, a negative elec- 
trode terminal 7, and a safety valve 8 are protruded 
upright from the projection element 5. 
[0032] The single battery 1 is a sealed lead-acid bat- 
tery having the nominal voltage of 2V, the nominal 
capacity of 1200 Ah, the weight of approximately 90 kg, 
and the total height of 580 mm. 
[0033] The battery container 2 has a pair of first side 
walls 10 that have a narrower width and are parallel to 
the electrode plate 9, a pair of second side walls 1 1 that 
have a greater width, and a bottom wall. The width of 
the first side wall 10 is 180 mm, whereas the total width 
of the second side wall 11 including ribs (discussed 
later) is 280 mm. Five rib sets, each consisting of five 
ribs 12, are formed at intervals of approximately 8 mm 
on the first side wall 10. The five ribs 12 included in each 
rib set extend in the longitudinal direction of the first side 
wall 10, have the width of 3.5 mm, and are arranged at 
intervals of 2 mm. Each rib 12 has repetitions of a 
higher portion 12h having the length of 20 mm in the 
longitudinal direction and the height of 5 mm, a lower 
porti n 121 having the length of 20 mm and th height of 
2mm, and a middle portion 12m interposed between the 
higher portion 1 2h and the lower portion 1 21 as shown in 



Fig. 13. When a plurality of the single batteries 1 are 
aligned side by side in such a manner that the first side 
wall 10 of one single battery 1 is in direct contact with 
the opposite first side wall 10 of an adjoining single bat- 

5 tery 1 as shown in Fig. 3, the higher portions 12h of the 
ribs 12 on the first sid wall 10 are respectively joined 
with the higher portions 12h of the mating ribs 12 on the 
opposite side wall 1 0. The close contact of the matching 
first side walls 10 forms connection grooves 13 that are 

w defined by the lower portions 121 and the middle por- 
tions 12m of the ribs 12, which constitute concaves, and 
that connect the ribs 12 with one another. In Fig. 6, W 1 
and W 2 designate the width of the rib 1 2 and the width 
of the concave formed between the ribs 1 2, respectively. 

is In Fig. 14, W 3 and W 4 designate the width of the rib 
set consisting of five ribs 12 and the interval between 
the rib sets, respectively. 

[0034] Five rib sets, each consisting of f ive ribs 1 4, are 
formed at intervals of approximately 26 mm on the see- 
so ond side wall 1 1 . The five ribs 1 4 included in each rto set 
extend in the longitudinal direction of the second side 
wall 11, have the width of 3.5 mm and the height of 4 
mm, and are arranged at intervals of 2 mm. 
[0035] Both the first side wall 10 and the second side 
25 wall 11 have the thickness of 4 mm. The rib sets are 
arranged at narrow intervals on the first side walls 10 
that receive the pressure from the stack of electrode 
plates, in order to ensure the sufficient strength that pre- 
vents deformation of the first side walls 1 0 due to expan- 
30 sion of the stack of electrode plates. The height of the 
lower portions 121 of the ribs 12 and the height of the 
rbs 1 4 are determined to match the height of the open- 
ing fringe of the battery container 2, which is welded to 
the cover 3. The higher portions 12h of the ribs 12 are 
35 protruded in the horizontal direction of the battery con- 
tainer 2 to define the lateral width of the single battery 1 . 
[0O36] The following describes a modular system 20 
for accommodating a plurality of the single batteries 1 
discussed above. 

40 

Embodiment 1 

[0037] Referring to Figs. 1 and 2, the modular system 
20 primarily includes a top plate 21 , a bottom plate 22, 

45 left and right side plates 23 and 24, supporting columns 
25 and 26 combined respectively with the side plates 23 
and 24, and supporting columns 27 arranged on the 
back side of the modular system 20. 
[0038] The top plate 21 and the bottom plate 22 are 

so cut out of a steel plate having the thickness of 2 mm to 
have the length of 930 mm in the longitudinal direction 
and the width of 560 mm. Both the top plate 21 and the 
bottom plate 22 have three rows of openings 28. Each 
row includes fourteen openings 28 aligned in the longi- 

55 tudinal direction of the plate. It is preferable that the 
opening 28 has a rectangular or ellipsoidal shape 
extending along th width of the plate. In this embodi- 
ment each opening 28 has a substantially rectangular 
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shape having the length of 75 mm and the width of 
14mm. The openings 28 may be punched out but are 
formed by the press molding method in this embodi- 
ment. 

[0039] Referring to Figs. 4 and 5, the bottom plate 22 s 
has a projected end piece 29 obtained by bending th 
bottom plate 22 first upward at a right angle on a spe- 
cific line that is 30 mm from the front end thereof and 
then inward at a right angle on another line that is 15 
mm from the front end. The projected end piece 29 10 
forms a second plane 22b at a position higher than that 
of a first plane 22a, where the openings 28 are present 
The projected end piece 29 has apertures 31 in which 
fixtures 30 for anchoring the single batteries 1 are fitted 
in. Four beams 32 and 32b of rectangular tubes that are is 
made of a steel plate and have the height of 15 mm and 
the width of 30 mm are welded to the inner face of the 
bottom plate 22 to be arranged across the respective 
rows of the openings 28. 

[0040] The backside end of the bottom plate 22 has 20 
another projected end piece 33 having the height of 30 
mm, a suspended piece 34 whose end is in contact with 
the upper surface of the backside beam 32b, and a third 
plane 22c defined by the projected end piece 33 and the 
suspended piece 34. 2s 
[0041 ] The second plane 22b, the third plane 22c, the 
suspended piece 33, and the backside beam 32b are 
cut at the position of 35 mm from each end, so as to 
have the shorter length than the length of the bottom 
plate 22. The bottom plate 22 also has apertures 35 30 
formed in the vicinity of four corners. 
[0042] The top plate 21 has an identical structure with 
that of the bottom plate 22. The surface and the rear 
face of the top plate 21 are inversion of those of the bot- 
tom plate 22. The common top plate 21 and bottom 35 
plate 22 facilitate the management of parts. 
[0043] The side plates 23 and 24 are arranged on the 
left side and the right side of the top plate 21 and the 
bottom plate 22 to be interposed between the top plate 
21 and the bottom plate 22. The side plates 23 and 24 40 
are formed symmetrically. The structure of the right side 
plate 24 is described by referring to Fig. 6. The side 
plate 24 has notches 36 on both the upper end and the 
lower end thereof. The notches 36 correspond to and 
receive the beams 32 of the top plate 21 and the bottom 45 
plate 22. The side plate 24 also has ipper and lower 
folded pieces 37 that are bent outward at a right angle 
to be brought into contact with the top plate 21 and the 
bottom plate 22 respectively. The upper and lower 
folded pieces 37 have apertures 38, which are formed in so 
both the front end and the backside end of the folded 
pieces 37 corresponding to the apertures 35 of the top 
plate 21 and the bottom plate 22. The side plate 24 also 
has front and backside folded pieces 39 that are bent 
outward at a right angle. ss 
[0044] The casing of the modular system 20 is assem- 
bled according to the following process. The side plates 
23 and 24 are joined with the top plat 21 and the bot- 



tom plate 22 in such a manner that the apertures 35 of 
the top plate 21 and the bottom plate 22 connect with 
the apertures 38 of the side plates 23 and 24. The proc- 
ess then welds the upper and lower folded pieces 37 of 
the side plates 23 and 24 to the inner surfac of both 
ends of the top plate 21 and th bottom plate 22. 
[0045] The process also welds the upper and lower 
end faces of the supporting columns 25 and 26 fitted in 
the notches 36 of the side plates 23 and 24 to the 
beams 32 of the top plate 21 and the bottom plate 22. 
The process further welds the upper and lower end 
faces of the supporting columns 27 to the third planes 
22c of the top plate 21 and the bottom plate 22. 
[0046] The supporting columns 25, 26, and 27 are 
formed to a rectangular tubular shape by folding the 
steel plate. When the top plate 21 , the bottom plate 22, 
and the left and right side plates 23 and 24 are joined 
together, the functions of the beams 32 welded to the 
inner surface of the top plate 21 and the bottom plate 22 
as well as the supporting columns 25 through 27 
welded between the top plate 21 and the bottom plate 
22 cause the resulting modular system 20 to have a 
rigid structure. This rigid structure ensures the sufficient 
strength when a plurality of modular systems 20 are laid 
one upon another. 

[0047] The assembled casing of the modular system 
20 is set up to locate the front side on the top, and three 
single batteries 1 aligned side by side are then inserted 
downward into the casing of the modular system 20. 
The interval between the beams 32 of the top plate 21 
and the beams 32 of the bottom plate 22 is identical with 
the width of the narrower first side wall 10 of the single 
battery 1. Because of the own weight of the battery 1, 
the ribs 1 4 of the fixed height formed on the second side 
walls 11 slide along the surface of the second planes 
22b and the beams 32 of the top plate 21 and the bot- 
tom plate 22, so that the bottom of the battery 1 is 
located on and secured by the suspended pieces 34 of 
the top plate 21 and the bottom plate 22. 
[0048] The fixtures 30 are then screwed into the aper- 
tures 31 formed in the projected end pieces 29 of the 
top plate 21 and the bottom plate 22. This clamps the 
base elements 4 of the covers 3 of the adjoining batter- 
ies 1 and thereby fixes the single batteries 1. 
[0049] The modular system 20 with the single batter- 
ies 1 accommodated therein is then fallen down to 
locate the covers 3 of the batteries 1 on the front side as 
shown in Fig. 1 . The above assembly causes the single 
batteries 1 to be arranged between the top plate 21 and 
the bottom plate 22 in such a manner that the higher 
portions 12h of the ribs 12 formed on the first side wall 
10 of one single battery 1 are in close contact with the 
higher portions 12h of the ribs 12 of the adjoining single 
battery 1 . There are accordingly the connection grooves 
13 defined by the lower portions 121 and the middle por- 
tions 12mof th ribs 12. As shown by arrows 40 in Figs. 
2 and 3, som of thes connection grooves 13 are 
located on th straight lines that join the openings 28 of 
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the top plate 21 and the bottom plate 22. Both the top 
plate 21 and the bottom plate 22 have a large number of 
the other openings 28. In the case where the tempera- 
ture of the single battery 1 increases, the connection 
grooves 13 formed between the adjoining singl batter- 
ies 1 function to accelerate th air current and cool the 
hot battery 1 down. There are empty spaces between 
the beams 32 to connect the openings 28. These empty 
spaces function to equalize the temperature of the 
adjoining batteries 1. 

[0050] The following descrtoes a modular-type battery 
system assembly prepared by laying the modular sys- 
tems 20 discussed above one upon another, with the 
drawings of Figs. 7 and 8. 

[0051] Referring to Fig. 8. an upper modular system 
20 is laid on a lower modular system 20, while the posi- 
tions of the apertures 35 formed in the four corners of 
the top plate 21 of the lower modular system 20 are 
made to be coincident with those of the apertures 35 
formed in the four corners of the bottom plate 22 of the 
upper modular system 20. The process then inserts 
bolts 41 into the apertures 35 of the top plate 21 and the 
bottom plate 22 and the connecting apertures 39 of the 
side plates 23 and 24 and clamps the bolts 41 with nuts 
42, in order to join the two modular systems 20 with 
each other. A plurality of modular systems 20 are laid 
one upon another in this manner. 
[0052] The plane of the top plate 21 of the lower mod- 
ular system 20 is in direct contact with the plane of the 
bottom plate 22 of the upper modular system 20. Since 
the top plate 21 and the bottom plate 22 have an identi- 
cal design, the corresponding openings 28 formed in 
the top plate 21 and the bottom plate 22 are located at 
identical positions. The openings 28 are thereby aligned 
on vertical straight lines. The current of the warmed air 
is flown from the lower modular system 20 to the upper 
modular system 20 and further to the outside via some 
of these openings 28. The other openings 28 and the 
empty spaces between the beams 32 function to 
homogenize the temperature balance. This arrange- 
ment effectively prevents the temperature of a single 
battery located inside the modular system 20 from 
extremely increasing. 

[0053] A plurality of modular systems 20 are succes- 
sively laid one upon another in the above manner and 
integrated to give a large-sized modular-type battery 
system assembly shown in Fig. 7. In this embodiment 
the single batteries 1 in the modular systems 20 are 
connected in series with connectors 43. The modular- 
type battery system assembly is generally used over a 
long time period. In order to prevent the dust from being 
invaded through the openings of the upper-most portion 
of the battery system assembly, the top plate 21 of the 
upper-most modular system 20 is further covered with a 
cover plate 44 via a predetermined space. The cover 
plate 44 has a large number of openings (not shown) for 
the purpose of dissipation of the heat This structure 
effectively prevents invasion of dust into the upper-most 



modular system 20 in the modular-type battery system 
assembly. 

[0054] The modular-typ battery system assembly 
shown in Fig. 7 is prepared by laying the four modular 

5 systems 20 upon on another. Each sealed lead-acid 
storage battery has two positive electrode terminals and 
two negative electrode terminals. These positive elec- 
trode terminals and negative electrode terminals are 
connected in series with the connectors 43 to give a 

io high voltage of 24 V in this embodiment According to 
the requirements, a plurality of modular-type battery 
system assemblies can be connected to ensure the 
higher output voltage. When the higher capacity is 
required, the batteries in each modular system 20 and 

75 the plurality of modular-type battery system assemblies 
may be connected in parallel. 
[0055] The above embodiment regards the modular 
system that is preferable for the applications with evolu- 
tion of relatively large heat. The following describes 

20 another modular system of a simpler structure that is 
preferable for the applications with evolution of relatively 
small heat. 

Embodiment 2 

25 

[0056] Referring to Figs. 9 and 10, the modular sys- 
tem 50 mainly includes a top plate 51. a bottom plate 
52, left and right side plates 53 and 54, beams 55 and 
56 that join the side plates 53 and 54 with each other on 

30 the upper and lower portions of the back side and are 
respectively set on the top plate 51 and the bottom plate 
52, and a supporting column 57 that connects the 
beams 55 and 56 with each other. 
[0057] Both the top plate 51 and the bottom plate 52 

35 have four pairs of air through holes 58 and three beams 
59 welded to the outer surface thereof. Threaded holes 
61 , which fixtures 60 of the batteries 1 are fitted in, are 
formed in the front beams 59 of the top plate 51 and the 
bottom plate 52. 

40 [0058] The side plate 54 is prepared by bending a 
quasi-cross shaped steel plate, and includes folded 
pieces 62 and 63 that form the upper, lower, front and 
rear faces of the side plate 54 and reinforcement pieces 
64 and 65 that are obtained by further bending and 

45 welding the ends of the folded pieces 62 and 63 at a 
right angle. The upper and lower folded pieces 62 have 
bolt-receiving apertures 66, which enable a plurality of 
the modular systems 50 to be joined together with bolts 
and nuts. The side plate 53 has an identical structure to 

so that of the side plate 54. 

[0059] The top plate 51 and the bottom plate 52 have 
projected pieces 67 and 68, respectively. These pro- 
jected pieces 67 and 68 are inserted into slits 69 and 70 
formed in the upper and lower portions of the side 

55 plates 53 and 54. 

[0060] In the modular system 50 discussed above, th 
second side walls 1 1 of the respective single batteries 1 
are in contact with the inner faces of th top plate 51 
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and the bottom plate 52, whereas the first side walls 10 
of the end single batteries 1 are in contact with the inner 
faces of the side plates 53 and 54. The bottom walls of 
the batteries 1 ar in contact with the beams 55 and 56 
on the back side. 

[0061] The beams 59 spanned over th top plate 51 
and the bottom plate 52 and the folded pieces 62 and 63 
formed in the tubular shape on the side plates 53 and 54 
ensure the sufficient strength of the resulting modular 
system 50. A plurality of such modular systems 50 are 
laid one upon another to give a large-sized modular- 
type battery system assembly. 
[0062] Like the first embodiment discussed above, the 
facing ribs 12 on the joint surfaces of the adjoining bat- 
teries define the connection grooves 13 that enable the 
air current. The air through holes 58 formed in the top 
plate 51 and the bottom plate 52 and the open rear side 
of the modular system 50 also ensure the air current 
and prevent the temperature of the battery 1 from 
extremely increasing. When a plurality of the modular 
systems 50 are laid one upon another, empty spaces 
are formed between the beams fixed to the top plate 
and the bottom plate in the adjoining modular systems. 
These empty spaces function to homogenize the tem- 
perature of the batteries included in the modular sys- 
tems. 

Embodiment 3 

[0063] Another modular system 80 is described with 
the drawings of Figs. 1 1 and 12 as a third embodiment 
according to the present invention. The modular system 
80 shown in Fig. 1 1 mainly includes a top plate 81 , a 
bottom plate 82, left and right side plates 83 and 84, 
supporting columns 85 and 86 respectively connected 
with the side plates 83 and 84, and a supporting column 
87 disposed on the rear side. 
[0064] The top plate 81 and the bottom plate 82 
respectively have three U-shaped beams 92, which are 
prepared by bending a steel plate and welded to the 
outer surface of the plates 81 and 82. The rear end of 
both the top plate 81 and the bottom plate 82 is folded 
inward three times to form a projection element 88. Both 
ends of the supporting column 87 are welded to the top 
planes of projection elements 88. 
[0065] The top plate 81 and the bottom plate 82 
respectively have a plurality of air through holes 89, 
which correspond to the connection grooves 13 formed 
on the joint surfaces of the adjoining batteries 1 that are 
arranged between the top plate 81 and the bottom plate 
82. The front beam 92 welded on the front side of the 
top plate 81 and the bottom plate 82 has threaded holes 
91 for receiving fixtures 90 of the batteries 1 therein. 
[0066] The side plate 84 is prepared by bending a 
quasi-cross shaped steel plate, and includes folded 
pieces 102 and 103 that form the upper, lower, front, 
and rear faces of the side plate 84 and ar welded to 
each other. Th upper and lower folded pieces 1 02 have 



bolt-receiving apertures 95, which enable a plurality of 
the modular systems 80 to be joined together with bolts 
and nuts. The side plate 83 has an identical structure to 
that of the side plate 84. 

s [0067] The top plate 81 and the bottom plate 82 
respectively have projected pieces 97 and 98 on both 
the left and right sides thereof. These projected pieces 
97 and 98 are inserted into slits 99 and 100 formed in 
the upper and lower portions of the side plates 83 and 

10 84. The supporting columns 86 are welded between the 
upper and lower folded pieces 102 of the side plate 84 
to cover the slits 99 and 100 and prevent the projected 
pieces 97 and 98 that are protruded through the slits 99 
and 100 from being directly exposed. The supporting 

75 columns 85 are welded to the side plate 83 in a similar 
manner. 

[0068] In the modular system 80 discussed above, the 
second side walls 1 1 of the respective single batteries 1 
are in contact with the inner faces of the top plate 81 

20 and the bottom plate 82, whereas the first side walls 1 0 
of the end single batteries 1 are in contact with the inner 
faces of the side plates 83 and 84. The bottom walls of 
the batteries 1 are in contact with the front planes of the 
projection elements 88 formed on the rear side of the 

25 top plate 81 and the bottom plate 82. 

[0069] The beams 92 spanned over the top plate 81 
and the bottom plate 82, the folded pieces 102 and 103 
that are connected to each other in a frame-like shape 
on the side plates 83 and 84, and the supporting col- 

30 umns 85 and 86 connected with the side plates 83 and 
84 ensure the sufficient strength of the resulting modu- 
lar system 80. The beams 92 and the supporting col- 
umns 85 and 86 are obtained by folding a steel plate in 
a U shape. This favorably reduces the weight of the 

35 whole modular system 80. This structure is especially 
advantageous when a plurality of the modular systems 
80 are laid one upon another, and facilitates the fabrica- 
tion of a large-sized modular-type battery system 
assembly. 

40 [0070] Like in the first and the second embodiments 
discussed above, in the structure of the third embodi- 
ment, the air through holes 89 formed in the top plate 81 
and the bottom plate 82 corresponding to the connec- 
tion grooves 13, which are defined by the facing ribs 12 

45 on the joint surfaces of the adjoining batteries 1, to 
ensure the air current and prevent the temperature of 
the battery 1 from extremely increasing. When a plural- 
ity of the modular systems 80 are laid one upon another, 
empty spaces are formed between the beams fixed to 

so the top plate and the bottom plate in the adjoining mod- 
ular systems. These empty spaces function to homoge- 
nize the temperature of the batteries included in the 
modular systems. 

[0071] Although the present invention has been 
55 described in terms of the presently preferred embodi- 
ments, it is to be understood that such disclosure is not 
to be interpreted as limiting, various alterations and 
modifications will no doubt become apparent to those 



8 



15 



EP0952 620A1 



16 



skilled in the art to which the present invention pertains, 
after having read the above disclosure. Accordingly, it is 
intended that the appended claims be interpreted as 
covering all alterations and modifications as fall within 
the true spirit and scope of the invention. s 
[0072] As described above, when a plurality of single 
batteries are aligned side by side, the connection 
grooves are formed on the joint surfaces of the facing 
ribs on the battery containers in the adjoining batteries 
to extend in the direction perpendicular to the top plate 10 
and the bottom plate of the modular system. The con- 
nection grooves ensure the dissipation of heat of the 
batteries by the natural current of the air. The top plate 
and the bottom plate disperse and dissipate the heal 
Even when the batteries are used over a long time is 
period, this structure effectively prevents the tempera- 
ture difference between the batteries and ensures the 
sufficient reliability of the resulting modular-type battery 
system assembly, which is often used as a power 
source system. The modular-type battery system 20 
assembly has a rigid structure including a plurality of 
modular systems that are laid one upon another and 
joined together simply by working of metal plates 

Claims 25 

1. A sealed storage battery comprising: a stack of 
electrode plates, in which positive electrode plates 
and negative electrode plates are alternately laid 
one upon another via separators; a battery con- 30 
tainer that has an upper opening and receives the 
stack of electrode plates and an electrolyte therein; 
and a cover that has a positive electrode terminal, a 
negative electrode terminal, and a safety valve and 
seals the upper opening of the battery container, 35 
wherein the battery container has a plurality of first 
ribs that are formed on a specific pair of opposite 
outer surfaces of the battery container in such a 
manner as to extend in a longitudinal direction, be 
arranged via a predetermined first space, and have 40 
concaves formed at regular intervals. 

2. The sealed storage battery in accordance with 
claim 1 , wherein each of the plurality of first ribs has 

a width that is greater than a width of the predeter- 45 
mined first spaca 

3. The sealed storage battery in accordance with 
claim 1 , wherein a plurality of rib sets, each com- 
prising a plurality of the first ribs, are formed on the so 
specific outer surface of the battery container in 
such a manner as to be arranged via a predeter- 
mined second spaca 

4. The sealed storage battery in accordance with ss 
claim 3, wherein each of the plurality of rib sets has 

a width that is greater than a width of th predeter- 
mined second spaca 



5. The sealed storage battery in accordance with 
claim 1 , wherein the plurality of first ribs are formed 
on one pair of outer wall surfaces of the battery con- 
tainer that ar parallel to the electrode plates, and a 
plurality of second ribs having a fixed height are fur- 
ther formed on another pair of outer wall surfaces of 
the battery container. 

6. A battery assembly comprising a plurality of sealed 
storage batteries that are arranged side by side, 
wherein each sealed storage battery has a plurality 
of ribs that are formed on a specific pair of opposite 
outer surfaces in such a manner as to extend in a 
longitudinal direction of the sealed storage battery 
and have concaves formed at regular intervals, the 
plurality of ribs formed on each outer surface of 
each sealed storage battery are in contact and 
joined with the plurality of ribs formed on a match- 
ing outer surface of an adjoining sealed storage 
battery, and the joint surfaces of the adjacent 
sealed storage batteries form connection grooves 
that are defined by the concaves of the ribs and 
extend perpendicularly to the longitudinal direction 
of the sealed storage battery. 

7. A modular system for accommodating batteries, 
said modular system comprising: a top plate and a 
bottom plate that respectively have a plurality of 
beams spanned and fixed over a longitudinal axis 
thereof; left and right side plates that respectively 
join left ends and right ends of the top plate and the 
bottom plate; a supporting column arranged at least 
on a rear side of the top plate and the bottom plate; 
and a plurality of single batteries arranged side by 
side between the top plate and the bottom plate to 
locate covers of the batteries with terminals on a 
front side of the top plate and the bottom plate, 
wherein each of the single batteries has a plurality 
of ribs that are formed on a specific pair of opposite 
outer surfaces in such a manner as to extend in a 
longitudinal direction of the single battery, and have 
concaves formed at regular intervals, the plurality of 
ribs formed on each outer surface of each single 
battery are in contact and joined with the plurality of 
ribs formed on a matching outer surface of an 
adjoining single battery, and the joint surfaces of 
the adjacent single batteries form connection 
grooves that are defined by the concaves of the ribs 
and extend perpendicularly to the top plate and the 
bottom plate. 

8. The modular system in accordance with claim 7, 
wherein both the top plate and the bottom plate 
have the beams fixed on an inner surface thereof 
and a large number of openings to ensure the air 
current 

9. Th modular system in accordance with claim 7, 
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wherein both the top plate and the bottom plate 
have a suspended piece that is obtained by bend- 
ing the rear side of each plate inward to be in con- 
tact with the beam located on the rear side, and the 
suspended piece is brought into contact with a bot- s 
torn of each single battery to position the battery in 
the longitudinal direction. 

10. The modular system in accordance with claim 7, 
wherein both the top plate and the bottom plate 
have a projected end piece that is obtained by 
bending the front side of each plate inward, and the 
projected end pieces have apertures that receive 
fixtures therein to secure end portions of the adjoin- 
ing batteries. 

11. The modular system in accordance with claim 7, 
wherein both the left and right side plates have 
notches at positions corresponding to the beams 
and folded pieces on upper and lower positions 
thereof to be in contact with the top plate and the 
bottom plate, and the top plate and the bottom plate 
are joined with each other via supporting columns 
fitted in the notches. 

12. A modular system for accommodating batteries, 
said modular system comprising: a top plate and a 
bottom plate that respectively have a plurality of 
beams formed on outer surface thereof and 
spanned and fixed over a longitudinal axis thereof; 
left and right side plates that respectively join left 
ends and right ends of the top plate and the bottom 
plate; a supporting column arranged on a rear side 
of the top plate and the bottom plate; and a plurality 
of single batteries arranged side by side between 
the top plate and the bottom plate to locate covers 
of the batteries with terminals on a front side of the 
top plate and the bottom plate, wherein each of the 
single batteries has a plurality of ribs that are 
formed on a specific pair of opposite outer surfaces 40 
in such a manner as to extend in a longitudinal 
direction of the single battery, and have concaves 
formed at regular intervals, the plurality of ribs 
formed on each outer surface of each single battery 
are in contact and joined with the plurality of ribs 45 
formed on a matching outer surface of an adjoining 
single battery, and the joint surfaces of the adjacent 
single batteries form connection grooves that are 
defined by the concaves of the ribs and extend per- 
pendicularly to the top plate and the bottom plate, so 

13. The modular system in accordance with claim 12, 
wherein both the left and right side plates have 
folded pieces that form upper, lower, front, and rear 
faces thereof and the folded pieces are connected 55 
each other. 

14. The modular system in accordanc with claim 12, 



wherein both the left and right side plates hav 
folded pieces that form upper, lower, front and rear 
faces thereof and reinforcement pieces that are 
obtained by bending and welding ends of the folded 
pieces inward. 

15. A modular-type battery system assembly, in which 
a plurality of modular systems in accordance with 
claim 7 are laid one upon another in a vertical direc- 
tion, where at least the top plate, the bottom plate, 
the beams, the side plates, and the supporting col- 
umns are made of a metal, and the top plate and 
the bottom plate of the adjoining modular systems 
are joined together by nuts and bolts fitted in aper- 
tures formed on corners of the top plate and the 
bottom plate. 

16. A modular-type battery system assembly, in which 
a plurality of modular systems in accordance with 
claim 12 are laid one upon another in a vertical 
direction, where at least the top plate, the bottom 
plate, the beams, the side plates, and the support- 
ing columns are made of a metal, and the top plate 
and the bottom plate of the adjoining modular sys- 
tems are joined together by nuts and bolts fitted in 
apertures formed on corners of the top plate and 
the bottom plata 
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